Objectives: To examine the association between self-assessed sleepy driving and the risk of serious Road Traffic Accidents (RTA).
Introduction
While sleepiness in drivers is increasingly recognized as an important factor contributing to the burden of traffic-related morbidity and mortality, [1] [2] [3] [4] proper assessment of its contribution is still lacking. [2] [3] [4] Published estimates of the proportion of road traffic accidents attributable to sleepiness range from 3 to 33% according to studies conducted in France, 4 the United States (US) 5, 6 and Australia. 7 In particular, little is known about the extent to which drivers are able to assess accurately that they are sleepy while driving. 5, 8 Results from the 2005 Sleep in America poll 9 of the National Sleep Foundation (NSF) indicated that 60% of America's adults who drive or have a license reported that, within the past year, they had driven a car or motor vehicle when feeling drowsy or sleepy. A survey recently conducted in France showed that 7 out of 10 French people report periods of sleepiness in the course of the day and about 6% admitted having driven while sleepy at least once during the previous three months. 10 We conducted a prospective study in a large cohort of French employees in order to examine the association between self-reported frequency of sleepy driving over the past 12 months and the risk of subsequent serious RTA over the following three-year period. inserm-00086741, version 1 -29 Jan 2008
MATERIALS AND METHODS

Participants
The participants are current employees or recent retirees of the French national electricity and Gas Company, who volunteered to participate in a research cohort, known as the GAZEL cohort. The GAZEL cohort was established in 1989 and originally included 20624 subjects working at Electricité De France-Gaz De France (EDF-GDF), comprising men aged 40-50 and women aged 35-50 at baseline. Since 1989, this cohort has been followed up by means of yearly self-administered questionnaires and by data collection from the company's personnel and medical departments.
Materials
Data on sleepiness and other driving behaviours were collected in 2001 using a self- 
Data from the GAZEL cohort database
Sociodemographic and medical data including self-reported sleep disorders (treated or not) and alcohol consumption 11 were recorded each year in 2001-2003 period from the AGC. Questions on mobility and accidents of the past year were also added to the AGC questionnaire in this period. Drivers were asked how many kilometres they drove a 4-or 2-wheel vehicle in the last 12 months. The participants were also asked to report whether in the past 12 months they had been involved in one or more serious traffic accidents defined as an accident which required at least a medical consultation. In the January 2002 AGC questionnaire, participants were also inserm-00086741, version 1 -29 Jan 2008
asked to record the date of reported accidents. This enabled us to exclude accidents that occurred before the completion of the 2001 DBRS questionnaire.
Driving Behaviour and Road Safety (DBRS) questionnaire 2001
In 2001, the DBRS questionnaire was mailed to the 19894 living members of the GAZEL cohort. 11 Driving whilst sleepy was assessed using the question: "in the 12 past months, have you ever driven while sleepy?" (1= never, 2 = a few times in the year, 3 = about once a month, 4 = about once a week, 5 = more than once a week). Other potential confounders were also recorded including reported drinking and driving, medication taken for anxiety, depression, another nervous disease, or sleeping problems and work conditions (overtime work, time constraints, changing work schedules and night shifts). Participants were also asked whether they had ever used connections to avoid paying the fine for a traffic violation. They were also asked to report their maximum speed in built-up areas, on rural roads, and on highways.
Participants were also suspected to have a risky behaviour if they reported answering a phone call (with or without a car kit) whatever the driving circumstances and/or if they reported not stopping the vehicle before starting a phone call. The type of principal vehicle owned in January 2001 was coded in five categories corresponding to increased maximum speed.
Finally, the participant's scores for the type-A behaviour pattern assessed in 1993 by the Bortner rating scale were also taken into account in the study .
12
Statistical analysis
Answers to the questions related to sleepy driving frequency were regrouped into 3 categories (never; a few times in the year; once a month or more often). Univariate logistic regression models were fitted to identify factors associated with reporting sleepy driving, including medical conditions found to be associated with serious RTA in previous research 13 . Factors A proportion of those who reported RTA in one of the three AGC questionnaires returned the CAF. This allowed us to compare accident characteristics between those who reported sleepy driving and others. In this complementary analysis we also included heavy material RTA in addition to serious RTA in order to achieve sufficient sample size.
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The population attributable risk for driving while sleepy was computed using Levin's method. To the question "in the 12 past months, have you ever driven while sleepy?" 8597 participants (62.9%) responded never, 4917 (36%) a few times in the year, 104 (0.8%) about once a month, 35 (0.3%) about once a week, and 21 (0.2%) more than once a week. Table 1 shows factors associated with the odds of reporting sleepy driving as determined by logistic regression analysis.
Serious road traffic accidents in the 2001-2003 period
A further 375 of the 13674 participants were also excluded because they did not respond to any We estimated the population attributable risk for sleepy driving as 19.2 %.
Self-reported sleepy driving frequency and serious road traffic accidents
Road traffic accident characteristics of those reporting sleepy driving
We 
Strengths and limitations
Our results are consistent with previous findings from New Zealand 3 , France 4 , and the US 5 and support laboratory simulation studies suggesting that drivers are able to perceive that they are sleepy while driving. 8 Our study is the only prospective study ever conducted and because participants were from a large cohort followed up on a regular basis, we were able to control carefully for a wide range of potential confounders, some of them being updated each year.
Additional analysis did not found any interaction effect with the nature of travel (commuting, professional or private).
Both serious RTA and sleepy driving were self-reported. Although self-reported measures of risky-driving behaviours have been found to have considerable validity in predicting traffic accident risk, 16 they cannot possibly account for all sleepy driving situations. It is unlikely, however, that this lack of accuracy would have biased our results. Firstly because sleepy driving does not constitute an offence against the Highway Code, and secondly because serious RTA in our study were recorded independently of risky-driving behaviours. Furthermore a recent study found that self-reported sleepiness when driving was consistent with sleepiness as an independent model based on circadian and sleep factors. 17 Finally, examination of the 260 complementary accident forms showed that participants who reported sleepy driving at least
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once were more likely to report accidents due to sleepiness or worry and accidents in which the responsibility of the participant was recognized by the insurance company.
Sleepy driving was recorded in a different period than serious RTA, assuming sleepy driving to be a somewhat consistent behaviour over several years for a given driver. In 2004, a second DBRS questionnaire was sent to the participants in an attempt to assess changes in driver For comparative purposes, we estimated the population attributable risk for sleepy driving as 19%, a figure consistent with data from a study conducted in New Zealand 3 (19%). Published estimates of the proportion of car crashes attributable to driver sleepiness range widely, from about 3% to 33%. [3] [4] [5] 7 The study sample, despite its large size, was not representative of French drivers as a whole. The participants had various jobs and were from different socioeconomic groups throughout France, but were all middle-aged drivers.
The association between self-assessed sleepy driving and the risk of serious RTA was stronger when the analysis was restricted to a sub-sample of participants not reporting any sleep disorders in the 2001-2003 period. It seems that although those with sleep disorders were more likely to report sleepy driving (Table 1) , the association measure between self-reported sleep disorders and the risk of serious RTA was lower. This suggests that drivers with prior sleep disorders may adopt self-regulatory behaviours.
Implications Our prospective data clearly identified sleepy driving unrelated to any medical condition as a significant independent factor contributing to serious RTA with important consequences for public safety because of the high proportion of drivers concerned. 18 Our results suggest that drivers are aware that they are sleepy while driving, but do not act accordingly. 19 This was already noted by Reyner and Horne who found that perception of sleepiness does not result in cessation of driving in laboratory simulations. 8 Drivers may either underestimate the impact of sleepiness on their driving performance or overestimate their capacity to fight sleepiness.
5
As self-assessment of sleepiness while driving seems possible, the role of policing should consist in the development and implementation of national campaigns to raise the awareness of all road users and to inform them how to avoid sleepy driving through promotion of "sleep hygiene" 20 or how to deal with it. The only long-lasting measure is, however, to stop driving and sleep or let someone else drive. [19] [20] [21] Prevention programmes should also include building or improvement of rest areas and installing shoulder rumble strips. In addition, legislative/regulatory initiatives should also be discussed 22 even if appropriate tools to measure driver sleepiness are still to be developed. Finally, development and evaluation of invehicle systems that can detect a sleepy driver should also be promoted.
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